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Abstract

Cysticercosis affects cattle, which develop the larva of Taenia saginata after ingesting their eggs, which 
are released by humans. It is a parasite that is distributed worldwide. The use of geoprocessing allows a 
better definition of endemic areas and populations that face different levels of risk and thus creates a basis 
for specific control programs for each farming system. The objective of this study was to evaluate the 
epidemiological situation of bovine cysticercosis in four municipalities in the Triângulo Mineiro region 
(Romaria, Iraí de Minas, Grupiara and Douradoquara), with special attention given to the influence 
of the hydrographic network on the spatial distribution of the disease. The properties sampled (68) 
for laboratory and epidemiological analysis (questionnaire) were also georeferenced. The risk factors 
were analyzed using the ArcGIS 10.1 program. The animals were submitted to immunodiagnostic tests 
(enzyme-linked immunosorbent assay and immunoblot) for the diagnosis of bovine cysticercosis. After 
confirming the disease focus properties, the spatial distribution of the cases was analyzed in relation 
to the watershed of the region. The positive results for bovine cysticercosis on the properties of the 
municipalities of Romaria and Iraí de Minas were grouped together, which was a significant result 
(p < 0.01). Although the positive results for bovine cysticercosis in the municipalities of Grupiara 
and Douradoquara were randomly distributed (p = 0.27), the risk factor that proved to be statistically 
significant in the regression analysis for cysticercosis transmission was the water source from the river/
stream. From the analysis of the map based on the hydrography of the region, it can be observed that 
for the distribution of positive cases for bovine cysticercosis in the properties, the main risk factor 
was the interference of the rivers and their tributaries that fed the municipalities sampled. This study 
allowed the identification of the prevalence of the taeniasis-cysticercosis complex in the properties of 
the sampled municipalities (53.84% in Romaria, 45.45% in Grupiara, 37.03% in Iraí de Minas and 
35.29% in Douradoquara). The results from this study will help in the prevention and control of this 
zoonosis in the researched areas.
Key words: Bovine cysticercosis. Risk factors. Spatial distribution. Hydrography.

Resumo

A cisticercose acomete aos bovinos, que desenvolvem a larva da Taenia saginata, a partir da ingestão 
de seus ovos que são liberados pelos seres humanos. É uma parasitose que tem distribuição mundial. 
O uso do geoprocessamento possibilita melhor definição de áreas endêmicas e das populações sob 
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diferentes níveis de risco, criando base para programas de controle específicos para cada sistema de 
criação agropecuária. O objetivo deste trabalho foi avaliar a situação epidemiológica da cisticercose 
bovina, em propriedades de quatro municípios da região do Triângulo Mineiro (Romaria, Iraí de Minas, 
Grupiara e Douradoquara), com especial atenção sobre a influência da rede hidrográfica na distribuição 
espacial da doença. As propriedades amostradas (68) para a análise laboratorial e epidemiológica 
(questionário) também foram georreferenciadas e realizada a análise dos fatores de risco com o uso 
do programa ArcGIS 10.1. Os animais foram submetidos a testes de imunodiagnóstico (ELISA E 
IMMUNOBLOT) para diagnóstico da cisticercose bovina e após a confirmação das propriedades foco 
da doença foi analisada a distribuição espacial dos casos em relação a bacia hidrográfica da região. 
Os resultados positivos para cisticercose bovina nas propriedades dos municípios de Romaria e Iraí 
de Minas mostraram-se agrupados, resultado esse significante (p < 0,01). Enquanto que os resultados 
positivos para cisticercose bovina nos municípios de Grupiara e Douradoquara mostraram-se aleatórios 
(p = 0,27). O fator de risco que se mostrou estatisticamente significante na análise de regressão para 
a transmissão da cisticercose foi a fonte de água proveniente de rio/ribeirão. A partir da análise do 
mapa com base na hidrografia da região pode-se observar que a distribuição, dos casos positivos para 
cisticercose bovina nas propriedades, apresentou como principal fator de risco a interferência dos 
rios e seus afluentes que banham os municípios amostrados. Esse estudo permitiu a identificação da 
prevalência do complexo teníase-cisticercose nas propriedades dos municípios amostrados (53,84% em 
Romaria, 45,45% em Grupiara, 37,03% em Iraí de Minas e 35,29% em Douradoquara) e os resultados 
permitirão auxiliar na prevenção e no controle dessa zoonose nas áreas pesquisadas.
Palavras-chave: Cisticercose bovina. Fatores de risco. Distribuição especial. Hidrografia.

Introduction

Bovine cysticercosis composes the complex 
taeniasis-cysticercosis (CTC), a group of diseases 
reported among the most prevalent zoonoses in 
slaughterhouses of Brazil, with prevalence rates 
ranging from 1.70 to 7.39%. Bovine cysticercosis 
is related to significant economic losses for the 
country due to the partial or total rejection of the 
carcasses of infected cattle. (SOUZA et al., 2007). 
In addition, cysticercosis represents a public health 
risk because humans acts as the definitive hosts of 
T. saginata (FLISSER et al., 2005).

Since there are few field studies and only scattered 
information is available regarding the prevalence 
of cysticercosis, determining the geographical 
distribution and risk factors of this zoonosis in Brazil 
is important. Some studies have been carried out to 
develop new diagnostic methods that can improve 
the precise identification of human and animal cases 
by instrumenting the control measures (SILVA et 
al., 2015). Recently, spatial tools have been used in 
CTC research and helped identify areas where there 
is a greater prevalence of the disease (ALLEPUZ 
et al., 2009; CASSINI et al, 2014). Dutra et al. 
(2012) used geoprocessing as a resource to estimate 

the prevalence of bovine cysticercosis in Brazilian 
states and municipalities using data obtained from 
slaughterhouses that were inspected by the Federal 
Inspection Service. This study made it possible to 
generate an epidemiological map and identify a 
prevalence of bovine cysticercosis of 1.05% for the 
whole country, and the Southeast was the region 
that presented the most cases.

In this manner, geoprocessing is a set of techniques 
for the collection, treatment and exhibition of 
information that is referenced in a determined 
geographic space, and it can be distinguished into 
the use of remote sensing techniques, scanning 
data, automating cartographic tasks, and using 
both a Global Positioning System (GPS) and 
System of Geographic Information (SIG) (HINO 
et al., 2006). This set of techniques has become an 
important tool in the control of endemic diseases 
by subsidizing epidemiologic studies and allowing 
the determination of the prevalence of diseases or 
the delimitation of areas of risks via the integrated 
analysis of epidemiologic and environmental data; 
the techniques have also been used as measures for 
preventing and controlling zoonoses, thus allowing 
decision-making and the formation of public health 
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policies (CASSINI et al, 2014). Geoprocessing 
also enables the better definition of endemic areas 
of animal diseases and the populations that are at 
a greater risk, thereby guiding specific actions in 
sanitary programs that involve farming (FONSECA 
et al., 2005).

The detailed investigation of positive farms 
located in areas of higher prevalence of CTC can 
help identify routes by which tapeworm eggs 
are introduced into bovine herds as well as the 
risk factors associated with the maintenance and 
dissemination of bovine cysticercosis, which can 
help elucidate the distribution and clustering of 
cases of farms with the disease (CASSINI et al, 
2014).

In addition, the use of pastures and contaminated 
water and the presence of people with taeniasis have 
been reported as the main routes of introduction 
for cysticercosis in bovine herds (EUROPEAN 
COMMISSION, 2000).

Thus, the objective of this research was to 
characterize the profile of spatial distribution and the 
main risk factors associated with bovine cysticercosis 
on rural properties in four municipalities in the 
region of the Triângulo Mineiro, Brazil. 

Material and Methods

Characterization of the studied area

The survey was developed in the municipalities 
Iraí de Minas, Romaria, Grupiara and Douradoquara, 
which are located in the Mesoregion Triângulo 
Mineiro/Alto Paranaíba in the microregion of 
Patrocínio, state of Minas Gerais. The municipalities 
cover a total land area of 1,269.84 km2, which has an 
average demographic density of 10 inhabitants km2, 
an average GDP of R$ 64,980.75 and a medium 
human development index of 0.71 (IBGE, 2013). 
The total population of the four municipalities is 
estimated at 16,454 inhabitants, and the majority 
(82%) is located in urban areas (IBGE, 2013). The 
predominant vegetation in this region is the biome. 

It has a tropical climate, with average temperatures 
between 17°C and 23°C and an annual thermal 
amplitude* between 7°C and 9°C. The rainfall 
behavior is characterized by a dry and cold winter, 
with a low intensity rainfall and a hot and rainy 
summer. The average altitude ranges from 800 to 
1200 meters, with a flat and smooth relief. It is in 
the watershed of the Paranaíba river (IGA, 2015). 
The main economic activities are based on cattle 
raising and agriculture (IBGE, 2013).

In the sampled properties, in 58.52% of them, the 
type of breeding was milk and cut (38.23% milk and 
13.23% cut). The intended purpose of most animals 
(85.29%) was breeding, rearing and fattening. 
Animals of crossed races and Nelore predominated. 
In all properties, cattle had pasture-based feed, such 
as Brachiária and Panicum, and they received some 
type of supplementation in the dry period. The 
breeding system was extensive in most properties.

Delineation 

To calculate the number of properties to be 
investigated, the following parameters were used: a 
disease prevalence estimated at 5% (ALMEIDA et 
al., 2006; MOREIRA et al., 2002) and a significance 
level of 5% calculated in the EpiInfo version 3.5.1 
program (WHO, 2008). Based on these values, a 
sample size of 68 properties was obtained, and they 
were selected by a simple random sampling process 
by drawing lots from the 671 total properties in 
the four municipalities’ counties. Additionally, the 
sample number of cattle was determined by the 
number of animals existing on the property: for a 
property with up to 20 animals, all of the animals 
were collected; for a property with between 21 and 
200 animals, 20 were collected; and for a property 
with more than 201 animals, 10% of the total was 
collected.

At the properties, drawn blood samples from 
cattle were collected by means of a puncture of 
the jugular vein. Four hundred thirty-three samples 
were collected in Iraí de Minas, 191 samples in 
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Romaria, 172 samples in Grupiara and 206 samples 
in Douradoquara (Table 1). These samples were 
centrifuged at 2,249 rpm (905 g). The sera were 
stored individually in microtubes at –20° C. These 
sera samples were submitted to an ELISA test 

with screening, in triplicate, for the diagnosis of 
cysticercosis (SILVA et al., 2015). The suspected 
cases (positive result by ELISA) were submitted to 
immunoblot for confirmation (MONTEIRO et al., 
2006). 

Table 1. Number of animals that were examined and tested positive for bovine cysticercosis according to the 
municipalities surveyed in the sponsor microregion.

Municipalities Number of animals examined Number of positive animals
Iraí de Minas 433 21

Romaria 191 11
Grupiara 172 07

Douradoquara 206 08
Total 1002 47

Laboratory tests

In the ELISA, polystyrene plates were 
sensitized with the diluted antigens (40 μg/ml) in 
0.5 M carbonate-bicarbonate buffer at pH 9.6 after 
blocking the reactive sites (5% skim milk in PBS 
pH 7.4), both for 1 h at 37°C. Serum samples were 
diluted 1:100 in 1% skim milk in PBS at pH 7.4, 
were added in triplicate to the plates and incubated 
for 30 min at 37°C. Then, the anti-bovine IgG 
conjugate A-5295 at a 1:1250 dilution (Sigma 
Chemical Co., St. Louis, MO, USA) was added, 
and the incubation procedure was repeated. After 
each incubation step, three washes of five minutes 
each were performed in saline containing 0.05% 
Tween-20 to remove excess reagents. The final 
step consisted of developing the reaction with OPD 
(phenylenediamine o-dihydrochloride) (0.1%) and 
0.003% H2O2 solution in 0.2 M citrate-phosphate 
buffer at pH 5.0 for an incubation period of 5 min. 
The reaction was quenched with 4N H2SO4. The 
readings were performed in a spectrophotometer 
at 492 nm. The results were obtained at optical 
densities. The amount of reagents applied to the 
plate was 100 μL, except for the blocking solution, 
which was applied at 200 μL. In each plate, two 
negative control sera and one positive control 
serum were added to calculate the cut-off point and 

for plaque correction. To determine the positivity 
and negativity of each sample, cut-off points were 
calculated, defined as the mean optical densities of 
the reactions obtained with the negative control sera 
plus two standard deviations.

After electrophoresis, according to the 
methodology described by Towbin et al. (1979), 
the membranes were separated into 3-mm-wide 
strips to perform the immunoblot. These strips 
were discolored and washed three times in saline 
(0.15 M NaCl) containing 0.05% Tween-20; 
they were then treated with 5% blocking solution 
(skim milk) dissolved in Tris-saline (Tris-
hydroxymethylaminoethane 10 mM and 0.15 M 
NaCl, pH 7.4) and heated to 90°C. Next, they were 
filtered on filter paper and held for one hour under 
slow stirring at room temperature. Serum samples 
were added at a dilution of 1:100 in skimmed milk 
with 1% Tris-saline (pH 7.4) for 1 h. The strips 
were washed with 0.05% Tween-20 in Tris-saline 
(pH 7.4) six times for five minutes each. Then, the 
anti-bovine IgG conjugate A-5295 at the 1:2000 
dilution (Sigma Chemical Co., St. Louis, MO, 
USA) was added for 2 h. The washing procedures 
were repeated. Reactions were revealed with a 
chromogen solution (Diaminobenzidine 5 mg per 
30 mL, 0.15% H2 O2 in PBS pH 7.2) for 2 min, 
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showing the reactive peptides in each strip. The 
reaction was then quenched with distilled water, and 
the strips were dried on filter paper. Reagents were 
added in 1 mL volume per well channel. The whole 
test was performed on an oscillating table, with 
constant and slow stirring, and at room temperature. 
In both tests (ELISA and immunoblot), the total 
antigen of T. crassiceps was used at a concentration 
of 6 μg/mm, as recommended by Pinto et al. (2001).

Data analysis

The associated factors were assessed 
from information obtained by administering 
questionnaires at the properties visited; the 
questionnaires had previously been tested and 
sought information related to the system of animal 
husbandry and the source and use of water. We 
considered the following variables: positive 
property for bovine cysticercosis, source of water 
supplied to the animals, type of animal husbandry, 
and existence of a dam in the municipality.

Using the program SPSS 17.0 (MAROCO, 
2011), statistical analysis was performed according 
to the positive results found for the disease on 
the sampled properties and the questionnaire, 
i.e., a property on which at least one animal was 
diagnosed as positive for the disease. First, a simple 
binary logistic regression analysis was performed, 
considering p < 0.20. The significant variables were 
subjected to multivariate binary logistic regression 
using the Backward method, with LR, considering p 
< 0.05, serving as the basis for calculating the Odds 
Ratio* (RC), with a 95% confidence interval.

All of the properties sampled were georeferenced 
using the GPS receptor (Global Positioning System) 
Garmin model vista HCx, configured in the 
system of projection UTM (Universal Transverse 
Mercator), Datum SAD 69. The points were stored 
in the program TrackMaker® release 13.9 for the 
subsequent mapping of the region studied and 
for analyzing the distribution of the risk factors 
associated with transmission of the disease. 

For the production and manipulation of spatial 
data, the ArcINFO platform was used (ArcGIS-
ESRI), adopting the holistic model of a functional 
Geographical Information System based on the 
acquisition of maps, spatial data storage (GIS 
Storage) and generation of information on thematic 
maps. The spatial analysis was performed using the 
program ArcGIS 10.1 to construct maps and the 
hydrographic networks in which the municipalities 
were included according to the positive and 
negative diagnoses for bovine cysticercosis among 
the properties sampled. According to the analysis 
of the data patterns of positivity of the disease, the 
municipalities were separated into two groups of 
two municipalities each. It was used as a default for 
the average nearest neighbor, using the Euclidean 
distance method with a confidence interval of 99%.

Ethics Committee 

This research was approved by the Ethics 
Committee in Research with Animals (Process 
26/2013 Process), which is linked to the Federal 
University of Viçosa.

Results and Discussion

In this study, no significant difference was 
observed in relation to the type of rearing that was 
performed on the properties. Dorny et al. (2000), 
when comparing serum prevalence among dairy 
herds and herds of cut, did not find that the type 
of breeding had any influence on the prevalence of 
bovine cysticercosis. However, the cattle breeding 
regime, coupled with the low socioeconomic and 
cultural level of the population and the precarious 
health conditions, contributes to the contamination 
of pastures and maintains a direct relation with 
the occurrence of cysticercosis among cattle 
(SCANDRETT et al. 2009).

In addition, animals having free access to 
pastures (an extensive system) is a characteristic of 
most of the properties sampled, which favors the 
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transmission of cysticercosis. Pathogens such as T. 
saginata can be disseminated indiscriminately, thus 
exposing bovine populations to infection (OWEN, 
2005).

The laboratory results indicated that the 
properties of the municipality of Romaria were 
those that presented more assertiveness for the 
agent, at 53.84%, followed by the municipalities of 
Grupiara, at 45.45%, Iraí de Minas, at 37.03%, and 
Douradoquara, at 35.29%. The prevalence identified 
for bovine cysticercosis was 4.69% in the sampled 
region.

The positive results for bovine cysticercosis 
on the properties of the municipalities of Romaria 
and Iraí de Minas showed clusters, which was a 
significant result (p < 0.01), because according to 
the z-score of –5.49, which indicates the spatial 
pattern, there is a probability of less than 1% that 
this grouped pattern may have been due to chance. 
Although positive results were found for bovine 
cysticercosis in the municipalities of Grupiara and 
Douradoquara, they presented a random spatial 
distribution (p = 0.28) because according to the 
z-score of –1.08, the pattern found may have been 
due to chance. 

From the analysis of the map of the hydrography 
of the region (Figure 1), the occurrence of properties 
that tested positive for bovine cysticercosis 
presented clusters in the municipalities of Romaria 
(C) and Iraí de Minas (D), thus demonstrating the 
possibility of the transmission of this parasitosis 
via the interference of rivers and their tributaries 
that feed these two municipalities. In the regression 

analysis, which also verified that the number of 
properties with bovine positive diagnosis for bovine 
cysticercosis was significantly higher when the 
water used for watering the livestock was derived 
from a river/stream compared to other sources 
(Table 2), these properties are 6.0 times more likely 
to have bovine cysticercosis than are the properties 
that used other water sources, such as a public 
supply, mine/spring or others (cistern or lagoon). 
Oliveira et al. (2011) found that approximately 
80% of the municipalities in the State of Alagoas, 
which exhibited higher percentages of carcasses 
condemned by cysticercosis, are intersected by the 
rivers Paraíba and Mundaú, which were considered 
an important determining factor for the occurrence 
of the disease in the Brazilian region.

The municipality of Romaria, where there was a 
greater prevalence of the disease, is devoid of any 
sewage treatment system, and the same is found 
for the remaining sampled municipalities. Fonseca 
and Spíndola (2013) reported that many cattle can 
eventually be contaminated with cysticercosis 
parasites at considerable distances from the 
contaminating* source due to a small number of 
human carriers, a possible factor related to rainfall 
that flows down hillsides and from watercourses. 
This scenario can be repeated in different regions of 
Brazil, where only 37.50% of the sewage generated 
receives treatment. Although more than half of all 
Brazilian municipalities have a sewage network, 
this does not ensure the proper extension of the 
network, quality of care, number of households 
served or sewage treatment (IBGE, 2012). 
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Figure 1. Spatial distribution of the bovine cysticercosis cases in the municipalities of Grupiara (A), Douradoquara 
(B), Romaria (C) and Iraí de Minas (D) and hydrography of the region: Dam of Emborcação (1), River Bagagem (2), 
Stream Santa Fé (3), River Perdizes (4), River Dourados (5) and Dam of Nova Ponte (6).

 Table 2. Multivariate logistic regression analysis of the risk factors associated with the occurrence of bovine 
cysticercosis. 

Risk Factor Category RC p-value IC

Water Source River/Stream

Mine/Spring*

Other

Public Supply

6.00

2.66

1.33

Reference

0.02

0.21

0.78

1.34-26.80

0.56-12.55

0.17-10.25

*Reference value for the calculation of the Razão de Chances* (RC). For the calculation of the RC, the lesser risk factor was 
determined, attributing for such risk at 1.00; later, the value of the variables was calculated, taking as reference the less risk variable.
*IC= Interval of confidence (95%).
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In addition, the presence of dams in the 
municipalities can contribute to the spread of 
this disease, although in the regression analysis, 
this variable showed no statistically significant 
difference. In the city of Iraí de Minas, the 
construction of the dam of Nova Ponte (6) resulted 
in the overflow of an area of 57,70 km2 (19.24% 
of the area of the municipality); in Grupiara and 
Douradoquara, the dam of Emborcação (1) was 
responsible for the overflow of a 77.43 km2 area 
(67.65% of the area of the municipality) and 46,68 
km2 (17.50% of the area of the municipality), 
respectively (FERREIRA et al., 2008). Studies have 
demonstrated that flooding of the pastures was an 
important factor for the propagation of cysticercosis 
on the properties (BOONE et al., 2007; ALLEPUZ 
et al., 2009) and that the animals with free access 
to the water of the contaminated surfaces (rivers, 
lakes, canals) were subjected to contamination by 
this parasitosis (BOONE et al., 2007). 

Another study conducted in the south, southeast 
and Goiás State Metropolitan area showed a 
prevalence of bovine cysticercosis indices that was 
similar to that found in the sampled region, which 
can be attributed to the fact that these regions are 
being fed by the Lake of São Simão and the rivers 
Paranaíba, Claro, dos Bois and others of lesser extent. 
According to Mariano-da-Silva et al. (2012), these 
rivers receive urban sewers along their courses. At 
the time of flooding, which can be frequent, there is 
often flooding of grazing areas, which contaminates 
the same and allows animals to consume 
contaminated water. Further, the municipalities of 
Grupiara and Douradoquara, which were sampled 
in this study, are also fed by the river Paranaíba, 
and the pastures of their properties are affected by 
constant floods, thus allowing the transmission of 
this cattle disease to these municipalities. 

Other studies carried out in European countries 
identified the water supply as a precursor of bovine 
cysticercosis in 41.8% of the properties analyzed. 
In addition to citing sources of water as risk 

factors, they considered that access to rivers that 
carry wastewater from sewage treatment stations 
or flooded pastures is among the main potential 
sources of infection from cysticercosis to animals 
(ALLEPUZ et al., 2009; CALVO-ARTAVIA et al., 
2013). These features have also been identified in 
the region of the properties sampled.

Conclusion

Risk analysis along with the mapping and spatial 
analysis of the data made it possible to verify that 
the water supply of the properties was the primary 
risk factor in the region studied, configuring as 
disseminating bovine cysticercosis. The system 
of extensive breeding, to which bovines of the 
sampled properties were submitted, allows these 
animals access to water sources of unknown quality, 
such as a river/stream. Furthermore, the existence 
of dams that flood bigger areas of pastures of the 
properties makes it possible for the animals to come 
into contact with contaminated waters and fodder 
plants, which explains how this is the main route 
of contamination of the properties with bovine 
cysticercosis in the four municipalities investigated.
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